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Background. The human immunodeficiency virus (HIV) epidemic in Ukraine has been driven by a rapid rise among people
who inject drugs, but recent studies have shown an increase through sexual transmission.

Methods. Protease and reverse transcriptase sequences from 876 new HIV diagnoses (April 2013—-March 2015) in Kiev were
linked to demographic data. We constructed phylogenetic trees for 794 subtype Al and 64 subtype B sequences and identified factors
associated with transmission clustering. Clusters were defined as >2 sequences, 280% local branch support, and maximum genetic
distance of all sequence pairs in the cluster <2.5%. Recent infection was determined through the limiting antigen avidity enzyme
immunoassay. Sequences were analyzed for transmitted drug resistance mutations.

Results.  Thirty percent of subtype Al and 66% of subtype B sequences clustered. Large clusters (maximum 11 sequences) con-
tained mixed risk groups. In univariate analysis, clustering was significantly associated with subtype B compared to A1 (odds ratio
[OR], 4.38 [95% confidence interval {CI}, 2.56-7.50]); risk group (OR, 5.65 [95% CI, 3.27-9.75]) for men who have sex with men
compared to heterosexual males; recent, compared to long-standing, infection (OR, 2.72 [95% CI, 1.64-4.52]); reported sex work
contact (OR, 1.93 [95% CI, 1.07-3.47]); and younger age groups compared with age =36 years (OR, 1.83 [95% CI, 1.10-3.05] for age
<25 years). Females were associated with lower odds of clustering than heterosexual males (OR, 0.49 [95% CI, .31-.77]). In multi-
variate analysis, risk group, subtype, and age group were independently associated with clustering (P < .001, P = .007, and P = .033,

respectively). Eighteen sequences (2.1%) indicated evidence of transmitted drug resistance.

Conclusions.
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Our findings suggest high levels of transmission and bridging between risk groups.

With an estimated 238 000 people living with human immuno-
deficiency virus (HIV)/AIDS, and AIDS-related annual mortal-
ity of around 17000, Ukraine is experiencing one of the most
severe HIV epidemics in Europe [1].

The initial epidemic followed a rapid rise of illegal drug
use after the breakup of the Soviet Union. By 1996 there were
12000 HIV infections diagnosed a year, mainly in people
who inject drugs (PWID), but from the late 1990s sexually
transmitted infections, and infections in children, increased
[2, 3]. Since 2006, new diagnoses among PWID fell, and from
2008 the majority have been through sexual contacts, most

Received 25 January 2017; editorial decision 18 May 2017; accepted 24 May 2017; published
online May 29, 2017.

“Members of the CASCADE Collaboration in EuroCoord are listed in the Appendix.

Correspondence: E. Fearnhill, Department of Infection and Population Health, Faculty of
Population Health Sciences, University College London, Mortimer Market Centre, off Capper St,
London WC1E 6JB, UK (e.fearnhill@ucl.ac.uk).

Clinical Infectious Diseases® 2017;65(7):1127-35

© The Author 2017. Published by Oxford University Press for the Infectious Diseases Society
of America. All rights reserved. For permissions, e-mail: journals.permissions@oup.com.
DOI: 10.1093/cid/cix499

believed to be linked to PWID [1, 4, 5]. Diagnoses among
men who have sex with men (MSM) are low in official statis-
tics, but other studies have shown these figures to be under-
estimated [6-8].

Previous studies recommend interventions targeting
bridge populations (sexual partners of PWID, clients of sex
workers, and female partners of MSM), responsible for link-
ing high-risk groups with the general population [1, 9-11].
The prevention programs delivered through the International
HIV/AIDS Alliance in Ukraine since 2006 have increased
opioid substitution therapy, HIV testing and counseling,
access to health services, and antiretroviral therapy cover-
age, but continued efforts are required to reach World Health
Organization (WHO) targets [1]. Currently there is no gov-
ernment support for prevention programs, and financial
resources are limited due to ongoing armed conflict in parts
of the country.

We examined HIV transmission dynamics in Ukraine using
viral sequences. Previous studies have used phylogenetic anal-

ysis of HIV type 1 (HIV-1) sequences from Ukraine and other
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former Soviet Union (FSU) countries to describe the molecular
epidemiology of HIV-1 in Ukraine from earlier years [2, 12-16].
Ours is the first using phylogenetics to examine new diagnoses
and recently acquired infection, and is unique in having a large
number of HIV-1 sequences with detailed demographic data.

Sequences obtained from samples collected in the Kiev
region between April 2013 and March 2015 were analyzed to
identify clusters of closely related infections, and to characterize
factors associated with high levels of ongoing transmission. We
examined bridge groups by describing the association and sep-
aration of risk groups within transmission clusters.

METHODS

Study Population and Data Collection

This analysis used data collected in a larger study within the
Concerted Action on SeroConversion to AIDS and Death
in Europe (CASCADE) Collaboration in EuroCoord (www.
EuroCoord.net), which estimated HIV incidence in Kiev. The
study population and data collection methods were described
in detail in earlier publications [17, 18]. In brief, data were col-
lected from all persons >16 years of age who presented or were
referred for an HIV test at any of the 4 infectious disease clin-
ics in the Kiev province (known collectively as Kiev City AIDS
Centre), between 1 April 2013 and 29 March 2015. Tests from
routine screening programs, for example antenatal screening
and blood donation, were excluded due to different incidence
estimation methods in these programs. Tests from general
screening—for example, surgical interventions, army recruit-
ment, prisoners and visa applications—were included.

Data collected from an anonymous questionnaire included
year of birth, area of residence, sex, reason for test, risk factors
for HIV including likely route of infection, and testing history.

A number of individuals with long-standing HIV infections,
sampled to assess the false recent rate of the recent testing algo-
rithm in the main study, were included for phylogenetic robust-
ness but did not complete the survey and were not included in
the analysis of factors associated with clustering.

Laboratory Methods

HIV-positive residual blood samples were tested for recent
infection, using the limiting antigen (LAg) avidity enzyme
immunoassay (EIA) at Public Health England. For those classi-
fied as recent (infections likely to have occurred within the last
6 months), HIV RNA load was quantified, and those with low
viral load (<1000 copies/mL) were reclassified as longstanding.
Methods are described in detail by Simmons et al [17].

In HIV pol gene sequencing, nucleic acid extraction followed
by nested polymerase chain reaction (PCR) (outer forward and
reverse primers AATGATGACAGCATGYCAGGGAGT and
AGTCTTTCCCCATATTACTATGCTTTC, inner forward and
reverse primers GGAAAAAGGGCTGTTGGAAATGTG and

GGCTCTTGATAAATTTGATATGTCCAT) amplified a pol
gene product which was then sequenced on Sanger or Illumina
Miseq platforms.

Phylogenetic Methods

Sequences were aligned using MPAlign [19] and positions
1-1320 retained. Rega3 subtyping was performed [20].
Sequences were examined for transmitted drug resistance
(TDR) according to the WHO 2009 surveillance list [21].

Maximum-likelihood trees were created in FastTree 2.1 [22]
for subtypes Al and B with the general time reversal method of
nucleotide substitution, which excluded nucleotide ambiguity
codes; 1130 subtype A and 230 subtype B sequences from FSU
countries between 2010 and 2014 were included from the Los
Alamos Database to increase phylogenetic robustness.

Analysis of clusters was performed using programs written
in R. FastTree SH local branch support values of >280% and a
maximum genetic distance of 2.5% between all sequence pairs
were used to identify clusters. Nucleotide ambiguity codes were
included only if they generated a definite change (eg, A to S).
The 2.5% threshold was calculated using a modified version
of an approach described by Aldous et al [23] as follows: We
created 1000 randomly generated clusters, sizes 2-50, from the
combined FSU and Kiev sequences, and calculated the maxi-
mum pairwise genetic distance in each cluster. The distance of
2.5% fell below the 0.01th percentile of the distribution of these
values, making it highly unlikely that clusters with a maximum
genetic distance of this value or below would occur by chance in
phylogenetically unrelated sequences.

Data Preparation/Management

Survey data were linked to laboratory results. Age at diagnosis
was grouped in 4 bands: <25, 26-30, 31-35, and >36 years. Risk
group was based on survey questions (have you ever injected
drugs, had sex with a person of the opposite sex, had sex with
someone of the same sex, paid for sex, been paid for sex) and cat-
egorized in the following hierarchical order (if >1 was reported):
PWID, MSM, or heterosexual contact. “Sex worker/contact with
sex worker” was based on responses to “ever paid for sex” and/or
“ever been paid for sex” Reason for test was categorized as either
clinical indication (symptoms), high-risk group (has injected
drugs, has multiple partners, had a sexually transmitted infec-
tion, had a needle stick injury, had contact with an HIV-infected
person, suspects they are HIV infected), or general screening
(described above). A hierarchy was applied as follows if multiple
reasons were recorded: screening, clinical indication, high-risk
group. Repeat testing was defined as having at least 1 prior HIV
test result >1 month before the current test.

Statistical Analysis of Factors Associated With Clustering
All sequences were categorized as clustering or not clustering.
To assess associations with clustering, we performed univariate
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and multivariate logistic regression analysis, controlling for the
following variables: sex, age group, subtype, assigned risk group,
reported sex work/contact with sex worker, repeated testing his-
tory, recent or longstanding infection, and reason for test. All
variables that were significantly associated with the outcome
(P <.05) in univariate analyses were assessed in the multivariate
models. We used a forward stepwise approach so that variables
were retained in the model if they significantly improved the
fit of the model (P < .05, based on likelihood ratio tests). To
avoid collinearity, sex and the assigned risk group variables are
reported under 1 variable, categorized as MSM; heterosexual
contact: male; heterosexual contact: female; PWID: male; and
PWID: female.

Clusters were assigned to a group, based on reported route
of exposure of >60% of samples in the cluster belonging to a
particular risk group or combination of risk groups, in the fol-
lowing hierarchical way: (1) MSM; (2) heterosexual contact:
male and female; (3) PWID: male and female; (4) male hetero-
sexual alone or with MSM; (5) heterosexual contact and PWID
mixed. Groups with no data on 240% of samples were recorded
as missing. Using a method described by Poon et al [24], we
also examined the association and separation of different risk
groups within clusters: Multiple scatterplot diagrams of all clus-
ters were created, where each point represented a cluster, with
the area of the marker scaled to cluster size. The x and y axis
denoted pairs of risk groups, and the location of the marker
showed the proportion of samples in the cluster belonging to
each of the risk groups.

RESULTS

Study Population Characteristics
During the study period, 1192 persons tested positive for HIV
in the Kiev region. Sequences were obtained from 898 of these
samples (294 samples were not received by the laboratory, or
failed to amplify/contained insufficient sample volume). Sample
pairs with identical sequences (after removing resistance posi-
tions) were manually checked for matching demographic data,
and 22 samples were identified as duplicates and excluded.
Among the remaining 876 samples, most (794 [91%]) were
subtype Al and 64 (7%) were subtype B; the remaining 18 sam-
ples comprised a mixture of subgroups 02_AG, G, 03_AB, and
other recombinants. Only the 858 subtype Al and B samples
were included in the analysis (Table 1). Of these, 54 samples
could not be linked to survey data and had no demographic
data. A further 41 samples were missing data on 1 or more
of the following variables: risk group, recent infection, repeat
tester, sex work/contact with sex worker, and reason for test.
The majority of individuals were male (71%) with assigned
source of infection being heterosexual sex (52%). Thirty-seven
percent were assigned as PWID, the majority male (83%), and
11% were assigned as MSM. Of 794 samples with risk group
data, 48 (6%) reported that they had been paid or had paid for

sex. The median age was 33 (interquartile range, 29-38) years.
We found a significant difference in risk group category between
the 876 sequenced and 294 unsequenced samples. Sequenced
data had a higher proportion of MSM (11% compared to 6%)
and heterosexual males (29% compared to 20%) and a lower
proportion of female PWID (7% compared to 13%) (P <.001).

From 795 samples with results, 67 (8%) were identified as
recent infections. Individuals assigned as MSM were more likely
to have a recent infection compared to individuals assigned to
heterosexual transmission (odds ratio [OR], 4.81 [95% con-
fidence interval {CI}, 2.69-8.60]; P < .001) while PWID were
less likely to have a recent infection compared to heterosexuals
(OR, 0.39 [95% CI, .18-.83]; P = .015) in a univariate logistic
regression model.

The majority of individuals reported the reason for test as
either high-risk behaviors (47%) or clinical indication (47%).

Drug Resistance Mutations

Eighteen of 858 (2.1%) samples contained drug resistance muta-
tions, indicating TDR, as follows; 3 with nonnucleoside reverse
transcriptase inhibitor (NNRTTI) resistance, 4 with nucleoside
reverse transcriptase inhibitor (NRTTI) resistance, 5 with NRTI
and NNRTT resistance, 1 with NRTI and protease inhibitor (PI)
resistance, and 5 with only PI resistance.

Factors Associated With Clustering

A third of the sequences appeared in clusters of size 2 or above.
Clustering was higher in subtype B, with 42 of 64 sequences
clustering (66%) compared to 241 of 794 (30%) in subtype
Al. This additional subtype B clustering was mainly among
heterosexual males, with 69% clustering compared to 30% in
subtype Al.

In univariate analyses (Table 1), clustering was significantly
associated with the following: subtype B compared to subtype
Al (OR, 4.38 [95% CI, 2.56-7.50]), younger age groups com-
pared to those >35 years (OR, 1.83 [95% CI, 1.10-3.05], for age
<25; OR, 2.09 [95% CI, 1.42-3.07] for age 26-30), MSM com-
pared to heterosexual males (OR, 5.65 [95% CI, 3.27-9.75]),
recent compared to long-standing infection (OR, 2.72 [95%
CI, 1.64-4.52]), and reported sex work or contact with a sex
worker (OR, 1.93 [95% CI, 1.07-3.47]). Testing due to clini-
cal indication, compared to high-risk behaviors, also showed
higher levels of clustering, although this was not significant at
the 5% level. Lower levels of clustering were seen in heterosex-
ual females compared to heterosexual males (OR, 0.49 [95% CI,
.31-.77]), but not in female compared to male PWIDs (OR, 0.89
[95% CI, .45-1.77]).

In the multivariate analysis, subtype, age group, and risk
group remained independently associated with clustering. As
well as MSM, female heterosexuals remained significantly less
likely to cluster compared to heterosexual males (adjusted OR
[aOR], 0.51 [95% CI, .32-.81]). When separating sex and risk
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Table 1. Factors Associated With Clustering From Human Immunodeficiency Virus Type 1 pol Sequences Collected in Kiev, April 2013-March 2015

Univariate Multivariate
Factor All % Cluster % OR (95% CI) PValue aOR (95% CI) PValue
All 858 283 33%
Subtype 858
Al 794 93% 241 30% 1 1
B 64 7% 42 66% 4.38 (2.56-7.50) <.001 2.41 (1.28-4.54) .007
Sex 804
Female 234 29% 50 21% 1
Male 570 71% 215 38% 2.23 (1.66-3.18) <.001
Age, y 804
<25 83 10% 34 41% 1.83 (1.10-3.05) <.001 1.39 (.78-2.49)
26-30 199 25% 88 44% 2.09 (1.42-3.07) 1.75 (1.15-2.65) .033
31-35 249 31% 68 27% 1.00 (.67-1.46) 1.02 (.68-1.53)
>36 273 34% 75 27% 1 1
Risk group 794
Heterosexual male 230 29% 79 34% 1 1
Heterosexual female 181 23% 37 20% 0.49 (.31-.77) 0.51 (.32-.81) <.001
PWID: male 241 30% 67 28% 0.74 (.50-1.09) 0.82 (.65-1.23)
PWID: female 51 6% 13 25% 0.65 (.33-1.30) 0.68 (.34-1.38)
MSM 91 1% 68 75% 5.65 (3.27-9.75) <.001 4.36 (2.48-767) <.001
Recent infection 795
No 728 92% 227 31% 1
Yes 67 8% 37 55% 2.72 (1.64-4.52) <.001
Repeat tester 796
No 678 85% 226 33% 1
Yes 118 15% 39 33% 0.99 (.65-1.50) .990
Sex worker/contact with sex 794
worker
No 746 94% 274 37% 1
Yes 48 6% 24 50% 1.93 (1.07-3.47) .028
Reason for test 763
High-risk behaviors 361 47% 112 31% 1
Screening 46 6% " 24% 0.70 (.34-1.43)
Clinical indicators 356 47% 130 37% 1.27 (.94-1.74) 120

Abbreviations: aOR, adjusted odds ratio; Cl, confidence interval; MSM, men who have sex with men; OR, odds ratio; PWID, people who inject drugs.

group, both remained independently associated with clustering,
with males more likely to cluster than females (aOR, 1.94 [95%
CI, 1.27-2.95]) and MSM more likely to cluster than heterosex-
uals (aOR, 4.31 [95% CI, 2.40-7.75]).

Cluster Analysis
The 283 samples that clustered formed 93 subtype A1 (Figure 1)
and 13 subtype B (Figure 2) clusters. Almost half (48%) clus-
tered in pairs. The remainder formed 35 clusters of sizes 3-5,
and 3 larger clusters; 1 of 6 subtype B sequences, and 2 sub-
type Al clusters of 9 and 11 sequences. Over a third of clusters,
including the largest 3, were predominantly MSM, or MSM and
heterosexual male. Categories PWID and PWID and heterosex-
ual combined accounted for 38 clusters, mainly pairs, and 18
clusters (17 pairs) were classified as heterosexual. The remain-
der (6 clusters) were missing data (Figure 3).

The scatterplots (Figure 4) showed that association of
risk groups within clusters was greatest between MSM and

heterosexual male, followed by heterosexual and PWID risk
groups. Separation was greatest between MSM and samples
from females.

There was no evidence of clustering among sequences con-
taining drug resistance mutations.

DISCUSSION

In this analysis, we have characterized recent transmission
patterns in Kiev, showing high levels of clustering, in well-sup-
ported branches with low intracluster variability.

It has been widely reported that the epidemic among PWID
in Ukraine is shifting, with increasing numbers of infections
being attributable to sexual contact [10, 11, 25]. Our findings
support this, with lower levels of clustering in PWID compared
to heterosexual males, and PWID less likely to have a recent
infection than individuals reporting heterosexual contact [17],
although levels of clustering in heterosexual males may be over-
stated due to nondisclosure from MSM or PWID.
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Subtype A1 phylogeny (clusters of size 4 and above), human immunodeficiency type 1 (HIV-1) pol sequences collected in Kiev, April 2013—March 2015. Subtype

A1 clusters sizes 4 and above only. Individual clusters are highlighted and colored according to the risk group of >60% of samples in the cluster (see Figure 3). Abbreviations:
MSM, men who have sex with men; PWID, people who inject drugs. Scale bar = nucleotide substitutions per site.
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Figure 2.  Subtype B phylogeny (all clusters), human immunodeficiency type 1 (HIV-1) pol sequences collected in Kiev, April 2013—March 2015. Subtype B clusters all sizes.

Individual clusters are highlighted and colored according to the risk group of >60% of samples in the cluster (see Figure 3). Abbreviations: MSM, men who have sex with men;
PWID, people who inject drugs. Scale bar = nucleotide substitutions per site.
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Figure 3. Clusters by risk group. Subtype A1 and B human immunodeficiency type
1 (HIV-1) pol sequences collected in Kiev, April 2013—March 2015. Groups based on
>60% of samples in the cluster. Abbreviations: Het, heterosexual sexual contact
(male and female); HetM/MSM, heterosexual males (sexual contact and PWID) and
men who have sex with men; Het/PWID, heterosexual sexual contact (male and
female) and people who inject drugs (male and female); MSM, men who have sex
with men; PWID, people who inject drugs (male and female).

Clustering in heterosexual females was significantly lower
than that in heterosexual males, and the majority appeared in
small clusters, with male PWID or other female heterosexu-
als. High numbers of females have previously reported sexual
contact with PWID [18], and although clustering is lower in
PWID than other risk groups, there is still evidence of bridging
between male PWID and their female partners. PWID remain
a hard-to-reach group in Ukraine, with the criminal nature of
drug-taking leading to nondisclosure and interventions reach-
ing only a small proportion of estimated numbers [26].

Clustering among MSM was strikingly high, with the major-
ity of clusters, including the largest 3, containing mainly MSM,
or combinations of MSM and heterosexual males. It is likely
that this reflects high levels on ongoing transmission among
MSM. A 2006 epidemiological review estimated Ukraine to
have around 27% HIV prevalence among MSM compared
with <2% in other adults [27], although official estimates are
considerably less and may reflect underreporting [28]. Recent
MSM HIV incidence estimates in Kiev are between 2290 and
6869 per 100000 compared to 21.5 per 100000 in the general
population [17]. There are also high levels of recent infec-
tion among MSM with approximately 1 in 4 newly diagnosed
patients in Odessa and Kiev shown to be recently infected, and
MSM disproportionately represented in both new diagnoses
and recent infection [17, 18, 29]. A 2011 biobehavioral study of
MSM in Ukraine showed low HIV testing rates, limited access

to prevention programs, and high levels of sexual mixing with
female heterosexuals, and with sex workers of both sexes [30].

Subtype B clustering was higher than subtype Al after
accounting for risk group. The subtype B variant in Ukraine
(IDU-B) was less epidemiologically successful than Al, and
although it remains prevalent, has not spread widely to other
countries of the FSU [3]. Subtype B samples were also less likely
to cluster with background FSU samples compared to subtype
Al. This suggests greater coverage of subtype B in our data,
which could explain some additional clustering. Being mainly
MSM and heterosexual male, subtype B samples may include
more recent transmissions than subtype Al. However, as all of
the additional clustering in subtype B was among heterosexual
males, it may be that the main contributory factor is high levels
of undisclosed MSM in this group.

Younger age of sexual activity has been associated with an
increased risk of HIV infection [27], and we found higher levels
of clustering in younger age groups. A recent study in Odessa
showed a higher risk of recent infection among younger peo-
ple [29], and younger adults in our data were more likely to be
recently infected [17].

We found low levels of TDR (2.1%), which would be expected
as estimated antiretroviral therapy coverage in Ukraine is low at
22% [26]. Previous TDR estimates have been higher [31, 32] but
have used different definitions of TDR mutations from ours, in
particular the inclusion of accessory NRTI mutation A62V, a
reported polymorphism in non-B subtypes [33, 34].

There are a number of limitations to consider. As these data are
from relatively recent samples, data coverage is not complete, and
sampling density may be markedly different for different popu-
lations within the dataset due to variable testing patterns. Much
of the data is self-reported, and there may be significant levels of
nondisclosure, particularly among MSM, indicated by high lev-
els of clustering between MSM and males reporting heterosexual
contact. In addition, undiagnosed HIV rates are likely to be high
and may vary between populations. Our data are unlikely to be
representative of the whole of Ukraine. Transmission patterns
may vary in other areas of the country as there is considerable
variability in HIV prevalence and population size of different risk
groups [35]. Differences between sequenced and unsequenced
data are a potential source of bias. Both MSM and heterosexual
males were overrepresented in the sequenced data, which may
have improved our ability to detect clustering in these groups.

This study supports previous reports of the transition of the
HIV-1 epidemic in Ukraine from PWID to the non-drug-using
population, through the sexual partners of PWID and MSM.
High levels of recent infections in MSM, high clustering among
MSM, and bridging between MSM and reported heterosexuals
in recently diagnosed people suggest that this sexually transmit-
ted epidemic may have become self-sustaining. This highlights
the need for continued efforts to reach the MSM and PWID
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Figure 4. Scatterplot of association of risk groups within clusters. Subtype A1 and B human immunodeficiency type 1 (HIV-1) po/ sequences collected in Kiev, April 2013—
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populations, and their partners, with targeted interventions to
reduce the risk of onward transmission.
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